The purpose of these studies was to measure changes in the diameter of arterioles as large-artery pressure was varied. Changes in diameter were measured with a flying spot microscope in blood vessels of the mesentery of anesthetized cats. Arterial pressure was reduced in a single step and held at a
constant level until the change in the diameter was complete. In experiments on 34 arterioles, 10 vessels showed a simple decrease in diameter as pressure was reduced; 24 showed a biphasic response. In the latter group the vessel narrowed for the first 5 to 15 seconds, but after this time an autoregulatory response occurred and the vessel dilated. In 12 of these vessels the diameter became larger in hypotension than it had been at normal arterial pressure. When pressure was suddenly restored, the vessel dilated further but returned to the control size as the autoregulatory response occurred. Analysis of the findings suggests that conditions of stability are satisfied in various portions of the pressure range.
ADDITIONAL KEY WORDS vascular smooth muscle peripheral circulation smooth muscle distensibility microcirculation tissue pressure critical closing pressure • Studies of the mechanical properties of large arteries have shown that these vessels are passively distensible with a nonlinear relation between internal pressure and vessel circumference (1) . In addition, large arteries exhibit the time-dependent properties of stress relaxation and creep as seen in other tissues. The accessibility of large arteries for direct study has made precise quantification of mechanical behavior possible, both in vivo and in vitro. Direct study of the mechanical properties of the microscopic vessels of the arterial network poses considerably greater technical problems. Only recently has the elastic modulus of the arteriole been measured (2) . However, there is ample evidence to suggest that arterioles behave in a manner radically different from that of the large arteries. When the perfusion pressure to an organ is reduced, total vascular resistance decreases and tends to hold blood flow constant. This phenomenon of autoregulation is seen in isolated, perfused organs as well as those studied in situ. It occurs in the kidney and the brain where it is especially pronounced and in the intestine, liver, skeletal muscle, and myocardium (3) . It has not been seen in the skin (4) or the stomach (5) . In previous studies of autoregulation in the intestine we have, through measurements of pressure, flow, and organ weight, localized the autoregulatory response to the precapillary vessels, specifically those vessels less than 1 mm in diameter (6) . In a recent study of blood flow in single capillaries of the mesentery, we found that the precapillary sphincters relax when their internal pressure falls, and they constrict when it is elevated (7) . To gain further insight into the behavior of the arterioles in vivo we CircuUlio* Riseercb, Vol. XXII, Vibnuir) 1968 200 JOHNSON undertook to record changes in the diameter of those vessels when arterial and venous pressures were varied.
Methods
Experiments were performed on 16 cats anesthetized with an intraperitoneal injection of sodium pentobarbital (30 to 35 mg/kg). The dose was graded to be adequate for surgery without abolishing vascular responses. The intestine was prepared for microscopic examination as described previously (7) . An isolated loop of intestine is mounted on the stage of a flying spot microscope in the manner shown in Figure 1 for studies of the dimensions of mesenteric vessels. The microscope stage is thermostatically controlled at 37°C. The entire intestine is covered with Saran Wrap to prevent drying and held in place with springloaded clips. The preparation is autoperfused from the donor animal through a circuit of polyethylene tubing inserted into the femoral artery. Arterial pressure is recorded from a side branch of the arterial circuit with a Statham P23g transducer. Arterial pressure to the intestine may be reduced locally by a Gaskell heart clamp applied to the arterial circuit. The venous blood is returned to the animal by way of the jugular vein. An outflow orifice is provided in the venous circuit between the venous pressure transducer and the jugular reservoir. Venous pressure in the preparation can be adjusted by varying the height of this orifice.
The principle of the flying spot microscope has been described in a previous publication (8) . In brief, the mesenteric tissue is transilluminated by a minute moving spot of light which is the reduced image of the spot on a cathode ray tube. This spot (which is 5 to 10 fi in diameter at the level of the tissue) is arranged to scan repeatedly a single blood vessel at right angles to its axis. A clear, uninjured area of tissue is selected for scanning. Since the wave length of right used for the spot corresponds to an absorption band of both oxygenated and reduced hemoglobin, there is a large reduction in transmitted light during the time interval the spot is hidden behind the vessel. The intensity of light transmitted through the tissue is measured continuously with a photomultiplier tube mounted at the eyepiece of the microscope. Since we know the velocity of the moving spot and can measure the period of reduced light intensity, the width of the vessel can be computed. This is accomplished by feeding the output of .the photomultiplier tube into a precalibrated analog computer which gives a reading of vessel diameter with each sweep of the spot. Vessel diameter is re-corded, along with arterial and venous pressure, on an Offner Type R recorder.
A recent study of the capability of the flying spot system has shown that the instrument essentially measures the width of the red cell column, which in our tests appeared to extend to the tube wall without a plasma layer interposed (9) . In a tube of fixed dimensions the measured diameter of a flowing stream of whole blood was identical to that of hemolyzed blood. The diameter of the blood column measured with the flying spot system was also independent of flow rate. Recent studies by other methods have also shown that there is no cellfree layer at the wall (10, 11) . Thus, it would appear that the diameter recorded in our studies represents the internal dimensions of the blood vessel.
Results
Vessel diameter was recorded continuously in 34 arterioles while arterial perfusion pressure was varied by a clamp on the arterial circuit. In addition, the effect on diameter of changing venous pressure was studied in 15 arterioles. The vessel caliber typically decreased initially as arterial pressure was reduced. This was followed by some degree of increase in 24 of the 34 arterioles. A typical response is shown in Figure 2 . In the control period, the vessel showed rhythmic constriction which disappeared when arterial pressure was reduced. When arterial pressure was TO rooouui Continuous recording of arteriolar internal diameter and large-artery pressure in cat mesentery. Note increase in diameter with sustained pressure reduction. Also note vasomotion at control pressure. Recording of arteriolar internal diameter ana large-artery pressure witn stepwise reduction in arterial blood pressure.
decreased, arteriolar diameter diminished initially, then became stable for a short period and then increased. In 12 of the 24 arterioles which dilated at reduced pressure, the diameter ultimately increased beyond the control value. This effect is seen in Figure 2 and is especially striking in the second and third periods of pressure reduction. The response is quite reproducible, as is apparent in this figure.
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The effect on arteriolar diameter of a stepwise reduction in arterial pressure is shown in Figure 3 . With each step decrease in pressure, the arteriolar diameter increased except in the last instance, where the diameter fell when pressure was reduced from 75 to 45 mm Hg. When pressure was restored, the vessel expanded beyond its caliber at the previous pressure levels.
The time course of the autoregulatory re- Effect o/ venous pressure elevation and varying periods of arterial pressure reduction on arteriolar diameter.
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FIGURE 5
Effect of graded changes in arterial and venous blood pressure on internal diameter of the arterioles. Arterial pressure was reduced from control values to knoer levels. Minimal diameter was the transient narrowing before dilation had occurred; steady-state diameter was the dilated vessel at the same pressure. Elevation of venous pressure did not produce a transient change in diameter. Data from four arterioles.
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sponse varied considerably between preparations. The arterioles shown in figures 2 and 3 responded fairly rapidly. In Figure 2 the response required 12 to 25 seconds to reach completion; in Figure 3 it was complete in only 6 seconds. This does not include the initial latent period of diameter reduction, which lasted about 7 to 10 seconds in these preparations. The latent period is defined as the time between initiation of pressure reduction and the beginning of the autoregulatory response. The dynamics of the response may be appreciated from Figure 4 , in which arterial pressure was reduced for different time periods. Reduction of pressure to 60 mm Hg for as long as 14 seconds elicited neither dilation nor secondary overshoot when arterial pressure was restored. When hypotension was maintained for longer periods, dilation became apparent as did the secondary overshoot when pressure was restored. The fact that the overshoot was not seen until the primary vasodilation appeared indicates that the contractile machinery does not relax appreciably before vasodilation becomes apparent. If the vascular smooth muscle relaxed before this time, it should have produced an overshoot in diameter when pressure was suddenly restored. The time course of the primary dilation in this vessel was approximately 40 seconds. The responses of the arterioles appear to follow an exponential course and may be analyzed in terms of the time constant (the time required to reach 63$ of the final value); in 24 arterioles the mean time constant was 37 seconds, the range was 5 seconds to 3 minutes, and the standard deviation was 40 seconds.
The magnitude of the autoregulatory response may be appreciated from Figures 5 and 6, which show responses of seven arterioles in two preparations. These figures also show the response to elevation of venous pressure, to be discussed separately. In most experiments arterial pressure was reduced in a single step and then returned to control levels as in Figure 2 . This was repeated for a variety of hypotensive levels. We have plotted at each hypotensive level the minimal diam-
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eter attained in the latent period and the final steady-state diameter attained when the autoregulatory response was complete. In one experiment the arterial pressure was reduced in consecutive steps without returning to control values ( Fig. 3 ). Since the pressure decrements in that experiment were small, there was little or no initial reduction in diameter. These data are plotted as curve 2, Figure 5 , and show only steady-state values.
The magnitude of the autoregulatory response may be measured in several ways. First, the increase in steady-state diameter with hypotension may be used as a measure of autoregularion. The arteriole usually reached its maximum diameter in the range 30 to 75 mm Hg ( Table 1 , Figs. 5 and 6). In 12 arterioles steady-state diameter was greater than control in some portion of the hypotensive range. The maximal steady-state diameter was on the average 12% greater than control in these preparations. However, there were also 12 other arterioles in which a degree of dilation occurred, but it was not sufficient to increase the diameter in hypotension beyond that at control arterial pressure. To obtain a more complete picture of autoregulatory compensation which includes these vessels as well, we have devised an Avg.
Response to
Ve»«d DO. 33.1 ± 9.0 *Data shown are for the pressure reduction which produced the greatest autoregulatory response shown is standard deviation of the mean.
Variance autoregulatory index (0), which is a comparison of the initial reduction in diameter and the subsequent increase. If the subsequent increase is greater than the initial reduction, 0 will be greater than 1. If the vessel returns just to its original diameter, then 0 = 1, whereas, if there is no secondary increase, then 0 = 0. The autoregulatory index thus provides a useful estimate of the magnitude of the compensatory increase following pressure reduction. It is undoubtedly dependent on the rapidity of pressure reduction. A slow reduction in pressure which exceeded the latent period would not supply useful data from which the index could be calculated. Also, it should be emphasized that 0 is a pressure-dependent variable. This may be appreciated from Relation betioeen arteriolar internal diameter and large-artery pressure for hoo passive arterioles. Steady-state value of the diameter usually coincided with the minimal value attained shortly after pressure reduction. 36.9 ± 40.5 23  15  35  39  5  3  3  8  26  8  7  13  8  14  40  3  60  27  25   14  29  11   13  15   19 sure range but fell below 1 at pressures below 40 to 50 mm Hg. We have characterized each arteriole in terms of the maximal value of 9 attained, recognizing that this is not a complete description of vessel behavior over the entire pressure range. Values of 0, uai for all autoregulating vessels are shown in Table 1 . Included also are the time constant, latent period of the response, and other measurements associated with 0 miI . The average autoregulating arteriole first narrowed by slightly more than 3 /A from its initial internal diameter of 36.5 \i when arterial pressure was reduced from 105 to 56 mm Hg. This change took place in a period of 13 seconds. Subsequently the arteriole began to expand, and it increased in size slightly more than 5 /u, or about 19$ of the vessel diameter. The time constant of the response averaged 37 seconds but was highly variable. When the vessel had stabil-CircuUaun Rsseercb, Vol. XXII, Pttrtarr 1968 ized at the low arterial pressure, the diameter was about 2 /u,, or 6%, greater than at the control pressure, and 0 mai was 1.76.
Another factor that may be of importance in describing the autoregulatory response is the pressure threshold. Some arterioles had a low autoregulatory index until a rather low pressure was reached (arteriole 1, Fig. 5 , for example). Others responded to much smaller pressure reductions (arteriole 3, Fig. 5 ). This factor did not appear to be correlated with the magnitude or time course of the response. We have not attempted to quantify it systematically in these studies.
Effects of Changing Venom Pressure
These are shown in Figures 4, 5 , and 6 and Table 2 . Generally, venous pressure had little or no effect on the diameter (Fig. 4) . Statistical analysis of the data showed that the diameter did not significantly decrease for the 206 JOHNSON Recording of arteriolar internal diameter and large-artery pressure for a passive arteriole.
group as a whole, nor was there an effect on the autoregulating arterioles specifically. It must be concluded, therefore, that the effect of venous pressure on arteriolar diameter, if it exists, is a modest one.
Passlv* Rnponwi to Arterial Pressure
Approximately one third of the arterioles studied responded passively to arterial pressure changes ( Table 3 and Fig. 7 ). For most of the passive arterioles there was typically a pressure range in which arteriolar diameter was very nearly constant. Usually the diameter of these vessels did not change appreciably until arterial pressure was below 60 to 70 mm Hg. The passive response usually was complete in about 5 seconds, as shown in Figure 8 . No further adjustment took place after that time. Also, it should be noted ( Fig. 8 ) that there was no transient overshoot in the passive vessel when arterial pressure was restored. In autoregulating preparations *Hypotensive level is approximately the same as that which produced the greatest response (0 n in autoregulating arterioles ( Table 1 ). Variance shown is the standard deviation of the mean.
the overshoot was always seen except in a few cases in which the arteriole already appeared to have been maximally dilated by the reduced pressure.
The reason for passive behavior of some arterioles and active behavior of others could not be readily determined. There was no relationship between size and reactivity, as may be seen from examination of Tables 1 and 3 . The factors of trauma involved in preparative technique and level of anesthesia may be responsible for these differences. Although trauma and tissue handling associated with the preparative method are difficult to quantify, we did observe a clear-cut effect of anesthesia on one occasion. This is shown in Figure 9 , where intravenous infusion of 4.5 mg of sodium pentobarbital markedly reduced the autoregulatory response as compared with two control runs.
Discussion
The present studies demonstrate that arterioles can and often do dilate when arterial pressure is reduced. The magnitude of the autoregulatory response which followed the transient reduction in diameter averaged slightly more than 5 JJL, or 19%, of the vessel diameter. This is well outside the range of experimental error which we estimate to be ±1 fi (8) . The importance of this response may be appreciated from consideration of the associated changes in conductance. The diameter of the autoregulating vessels decreased on the average by 9% in hypotension before the autoregulatory response began. According to Poiseuille's law, this would produce a 31% decrease in conductance. After the response was complete, however, the CircultUon Research, Vol. XXII, Pebrtury 1968 208 JOHNSON diameter had increased by 6% over the control value, and the associated conductance would be 26% greater than controL In individual cases the diameter change was greater than this, and conductance would be increased correspondingly.
The lack of autoregulatory response in some vessels probably reflects the effects of trauma in preparation of the mesentery and the effects of anesthesia. In some preparations all arterioles tested were passive, but in others many actively autoregulating vessels could be found. In addition, the possibility must be allowed that there may be arterioles that normally autoregulate and others that are normally passive. Such a hypothesis could be tested by measurements on the undisturbed vasculature.
The dynamic behavior of the arterioles described here correlates well with pressureflow studies in several vascular beds. We have previously found an initial passive change in intestinal resistance when arterial pressure was lowered, and an autoregulatory response followed (12) . The time course was similar to that seen in the present study. Thurau and Kramer (13) described similar transients in pressure-flow studies of the kidney, and Stainsby (14) and Jones and Berne (15) observed them in skeletal muscle. Transient passive behavior is apparently a common feature of autoregulating vascular beds.
When arterial pressure is suddenly elevated, the blood vessel dilates passively, constricts, and again dilates, but to a much lesser degree. This highly damped oscillation is also seen in the resistance pattern after arterial pressure elevation (12) . Venous pressure was elevated in some experiments to obtain information as to the probable nature of the autoregulatory response. Precapillary sphincters do constrict when venous pressure is elevated, as we have shown in a recent study on the mesentery (7) . Venous pressure changes apparently are reflected into the arterial circuit sufficiently to induce a myogenic response of the sphincters. We have previously determined that 6335 of an increase in portal venous pressure is reflected to the midpoint of the capillaries (16) . It seems reasonable to suppose that the arterioles would also constrict if they were myogenically active. If, by contrast, the arterioles were totally under metabolic control, we should see a consistent dilation because intestinal blood flow is very dependent on venous pressure.
Since venous pressure had little effect on arteriolar diameter, it is possible that both metabolic and myogenic mechanisms are present in the arterioles. In this case the two effects might essentially cancel, and diameter changes would be minimal. The mechanism by which flow and metabolism may be linked has been the subject of a number of studies in several vascular beds. The importance of metabolic autoregulation varies from one tissue to another and within a given tissue, depending on its metabolic activity. It has been suggested that lowered tissue Pc^ (17, 18) and dilator metabolites (19) may cause arteriolar relaxation when flow is reduced.
In the present series of experiments, as in most of our earlier studies, the intestine was autoperfused, and mean arterial pressure was decreased by clamping the arterial circuit. Application of the clamp also reduces pulse pressure. Autoregulation is probably not caused by reducing pulse pressure since it also occurs when perfusion pressure is nonpulsatile (12) .
The fact that arterioles expand as arterial pressure is reduced forces us to reevaluate traditional concepts of small blood vessel mechanics. At present they are based largely on the elastic properties of large vessels. Burton (20) suggested that arterioles would passively retract as internal pressure decreases. Moreover, he postulated that if there were active tone in the arteriolar muscle, the vessel would close completely if the internal pressure fell below some critical value (critical closing pressure). This theory is based on the assumption that vascular muscle tone is determined by extrinsic influences such as neural and blood-borne humoral factors and is not influenced by internal pressure or blood flow.
A second assumption implicit in the theory Left, radius-tension plot for an arteriole. Pressure isobars represent large-artery pressttre. Circumferential wall tension computed from Laplace relationship for thin-walled tubes assuming arteriolar pressure is 40% of large-artery pressure. Two pressure reductions are shown-to 60 mm Hg and to 40 mm Hg-with return to control pressure in each instance. Further description in text. Right, radius-tension plot for a second arteriole computed in the same fashion as plot at left. Large-artery pressure was reduced from 130 to 103 and subsequently to 52 mm Hg. At each pressure, sufficient time was allowed for the autoregulatory response to occur. Pressure was then restored to 130, and after sufficient time for stabilization a single step reduction to 45 mm Hg was carried out.
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of a critical closing pressure is that active tension developed by the vascular muscle is independent of muscle length. But this assumption runs counter to the known properties of muscle. Active tension of striated and cardiac muscle is highly dependent on muscle length (21, 22) . This is also true of vascular smooth muscle because, as vascular muscle is allowed to shorten, the developed tension decreases (23) . Like skeletal muscle, vascular smooth muscle can shorten to 25 to 30$ of its relaxed length. The critical closure theory, however, postulates that vascular muscle develops a fixed amount of active tension, irrespective of muscle length. If the fixed tension is not opposed by an equal and opposite force, the muscle will shorten until the vessel closes, maintaining
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an undiminished active tension the entire time.
The theory of critical closure, therefore, seems untenable on the basis of our present knowledge of muscle mechanics. It appears to be necessary to formulate a new conceptual framework for the mechanics of small blood vessels consistent with our present understanding of vascular muscle. To provide a basis for such a concept we have examined the behavior of several autoregulating arterioles in terms of tension-radius relationships. Since arteriolar pressure was not measured, it was necessary to assume that this pressure was a constant fraction (40$) of arterial pressure. The exact fraction chosen is not critical to the argument, but its constancy is important. Figure 10 , left, shows one JOHNSON such plot for an autoregulating arteriole. The diagonals represent arterial pressure isobars. Circumferential tension is calculated from the Laplace relationship. Point A represents the control state in which arterial pressure was 110 mm Hg and the vessel radius was 19.5 fji. When arterial pressure was reduced to 60 mm Hg, the vessel radius first decreased to 17.5 /A (point B), and then, as the autoregulatory response took place, it expanded to 25 /x (point Bi). When pressure was suddenly restored, the vessel first expanded to 28.5 \x (point At) and then contracted to point A as the autoregulatory response took place. A larger pressure reduction to 40 mm Hg reduced vessel radius to 16 FX (point C), followed by an autoregulatory response to C\. When pressure was restored, the vessel returned to Ai and then to A. Curve ABC represents the distensibility of a partially contracted vessel, while AiBiCi represents the same vessel in a state of minimal tone as far as these procedures are concerned.
The manner in which the autoregulating arteriole shifts from one distensibility curve to another is shown in greater detail in Figure 10 , right. The initial radius of this arteriole was 21 n at an arterial pressure of 130 mm Hg. As the arterial pressure was reduced to 105, the arteriole moved to B transiently and then to Bj in the steady state. The pressure was subsequently reduced to 52 mm Hg, whereupon the vessel moved to point C transiently and then to Ci in this steady state. When arterial pressure was restored, the vessel expanded to Ax and subsequently returned to A. With a larger pressure reduction to 45 mm Hg, the vessel fell to D transiently and subsequently to Di in the steady state. It is apparent that curve ABD can be taken as the distensibility curve of the vessel in the contracted state. Similarly BiC represents a state of intermediate tone, while AiCiDj represents the minimal tone state. A short-term pressure change (i.e., several seconds duration) would move the operating point of the vessel up or down the distensibility curve, but with a prolonged pressure change the point would move initially along the distensibility curve and then along the pressure isobar to the heavy line ABiCi. The latter curve is the locus of the steady-state relationship for this particular vessel. At normal and at moderately hypotensive pressure levels, the steady-state curve cuts across the individual distensibility curves as pressure is lowered. However, with more pronounced pressure reductions the steady-state curve coincides with the distensibility curve for the vessel with minimal tone.
The shape of the distensibility curves in Figure 10 is comparable to that described
RADIUS
FIGURE 11
Scheme of proposed relationship between tension and raditis in an autoregulating arteriole. The vessel behavior may be dixHded into three states: (1) At low pressures smooth muscle tone is minimal, and the arteriole behaves essentially as a passive vessel; (2) at intermediate pressures smooth muscle tone is a function of pressure, and the distensibility characteristics shift in accordance with prevailing pressure; (3) at high pressures (i.e., above 200 mm. Hg) the vascular muscle is maximally contracted, and further increase in pressure causes a passive dilation of the vessel in accordance with the distensibility characteristics of that vessel.
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for frog mesenteric arterioles by Wiederhielm (2) and bovine mesenteric arteries by Lundholm and Mohme-Lundholm (23) . The distensibility curve of the contracted arteriole is similar to that for the relaxed vessel but is shifted to the left-as has been found for mesenteric arteries under a state of tone (23) . The principal difference in the distensible properties of large and small vessels appears to lie in the ability of the small vessels to shift from one contractile state to another as pressure is changed.
The above considerations suggest that the equilibrium diameter of arterioles is the consequence of an interplay of several factors. This is schematically presented in Figure  11 . At low pressures, smooth muscle tone is minimal. The equilibrium conditions are essentially those of a passive, elastic vessel. The steady-state curve, therefore, will coincide with the distensibility curve of an atonic vessel at low pressures. At intermediate pressures the vessel develops some degree of vascular tone as a consequence of the autoregulatory phenomenon. As pressure increases, the vessel's operating point shifts to the left and to a new distensibility curve. Stable equilibrium is possible in these circumstances, since a brief pressure transient will move the operating point along the existing distensibility curve and a sustained change will move it to a new distensibility curve. An increase in vascular tone occasioned by a neural or humoral stimulus, however, will move the operating point along the pressure isobar to a new steady-state curve. Assuming that active tension decreases as the muscle shortens, the degree of contraction is selflimiting for a given stimulus strength. In addition, it should be noted that when vessel caliber decreases, flow is also reduced. To the extent that flow influences vascular tone, it would also limit the degree of contraction possible with an external stimulus.
As vascular tone increases when pressure is raised, there must logically be a point at which all the smooth muscle fibers are responding maximally to the stimulus. Beyond this point, any further increase in pressure CtrcuUHo* Research, Vol. XXII, February 1968 will now lead to an increase in radius in a manner defined by the distensibility curve of the maximally contracted vessel. The pressure at which this is reached is talcen as 200 mm Hg in Figure 11 , and curve C represents the distensibility of the maximally contracted vessel. At this point there would be a break in the autoregulatory plateau of blood flow with a sudden increase in flow beyond this pressure. Such an increase has been observed in pressure-flow curves of autoregulating organs above 200 mm Hg (13) . Stability conditions are satisfied here also, since above 200 mm Hg the vessel diameter will respond to transient pressure changes in the manner determined by the distensibility curve C. Since the contractile machinery is maximally stimulated, the operating point cannot move into the area to the left of the curve, but a decrease in vascular tone will move the operating point to the right. The latter excursion will also be limited by the relation between length and active tension as well as by the autoregulatory response itself. It appears, therefore, that stable equilibrium is possible over all three areas of the curve. It does not appear that autoregulation would produce instability or that the instability, suggested at low pressures by Burton (20) , would occur under these circumstances.
Finally, it should be noted that the mechanical behavior of the arteriole may not be due entirely to the properties of the vessel wall. The elastic properties of surrounding tissue may also be important, as suggested by Fung (24) . According to Fung's calculations, approximately 45$ of the total rigidity of the mesenteric arteriole may be ascribed to the surrounding tissue. In an autoregulating arteriole the elastic modulus of the vascular muscle, the nonmuscular wall elements, and the surrounding tissue all may contribute to the behavior of the vessel when its internal pressure is altered.
